Summary: Huntington disease (HD) is a progressive heredoneurodegenerative disease manifested by chorea and other hyperkinetic (dystonia, myoclonus, tics) and hypokinetic (parkinsonism) movement disorders. In addition, a variety of psychiatric and behavioral symptoms, along with cognitive decline, contribute significantly to the patient's disability. Because there are no effective neuroprotective therapies that delay the progression of the disease, symptomatic treatment remains the cornerstone of medical management. Several classes of medications have been used to ameliorate the various symptoms of HD, including typical and atypical neuroleptics, dopamine depleters, antidepressants, antiglutamatergic drugs, GABA agonists, antiepileptic medications, acetylcholinesterase inhibitors, and botulinum toxin. Recently, surgical approaches including pallidotomy, deep brain stimulation, and fetal cell transplants have been used for the symptomatic treatment of HD. The selected therapy must be customized to the needs of each patient, minimizing the potential adverse effects. The primary aim of this article is to review the role of the different therapies, both available and investigational, for the treatment of the motor, psychiatric, behavioral, and cognitive symptoms of HD, and to examine their impact on the patient's functionality and quality of life.
INTRODUCTION
Huntington disease (HD) is a progressive heredoneurodegenerative disease which was described in 1872 by George Huntington. He first observed this autosomal dominant disease on Long Island, New York, in patients from multiple generations, when he made rounds as a boy with his father and then later as a physician himself. Since the discovery of the gene locus near the tip of the short arm of chromosome 4 in 1983 and the cloning of the gene 10 years later, there has been an explosion of knowledge about the genetics of HD, although the exact role of the abnormal gene product huntingtin in neurodegeneration is still not well understood. The mutation responsible for the disease consists of an unstable enlargement of the CAG repeat sequence in the 5= end of a large gene (210 kb), HTT (alias IT15), which codes for the protein huntingtin. The expanded CAG repeat, located in exon 1, alters huntingtin by elongating its polyglutamine segment near the NH 2 -terminus. It is beyond the scope of this review to discuss the genetics, pathology, imaging, and other aspects of the disease, for which the reader is referred to recent reviews. [1] [2] [3] Despite the extraordinary growth of our knowledge about the cellular mechanisms involved in HD-related neurodegeneration, no effective neuroprotective or disease-modifying therapy has emerged. This review therefore focuses primarily on symptomatic therapy. The selection of the most appropriate symptomatic treatment depends on the most dominant or troublesome symptom 4 (FIG. 1). Patients with HD may exhibit a variety of movement disorders, with the most common being chorea, but also parkinsonism (characteristic of juvenile HD), ataxia, dystonia, bruxism, myoclonus, tics, and tourettism. The psychiatric, behavioral, and cognitive manifestations of the disease are also very debilitating, rendering the patient dependent on others. These include irritability, depression, lack of motivation, paranoia, hallucinations, and cognitive and intellectual decline. Other contributing symptoms to the overall disability are dysphagia, weight loss, dysarthria, and sleep disturbance. 1 Several clinical rating scales have been developed and validated, and have been used extensively in clinical trials to ensure a uniform assessment of outcomes. The Unified Huntington's Disease Rating Scale (UHDRS), developed by the Huntington Study Group (HSG), comprises several subscales that assess motor function, cog-nition, behavior, functional status, and independence. 5 The Abnormal Involuntary Movement Scale (AIMS) uses a rating of 0 (no movement) to 4 (severe) to quantify abnormal movements. 6 Scores are attributed separately for abnormal movements affecting the muscles of facial expression, lips and perioral area, jaw, tongue, upper extremities, lower extremities, and trunk. The scale also incorporates other items, related to the patient's awareness of and disability caused by the abnormal movements, and the presence of dentures or edentia. The functional status of HD patients is commonly assessed using the Total Functional Capacity Scale (TFC) and the Independence Scale (IS), both of which are incorporated into the UHDRS (reproduced in the Appendix).
Because neuroprotective treatments remain elusive, improving the quality of life of HD patients is a priori- 10 ; DRPLA ϭ dentatorubropallidoluysian atrophy; FA ϭ Friedreich's ataxia; HDL ϭ Huntington disease-like syndrome types 1, 2, and 3; OCB ϭ obsessive-compulsive behavior; SCA ϭ spinal cerebellar ataxia types 1, 3, 17. 120, 121 ty. 4, 7 Intuitively, one might expect that improving motor function would result in an amelioration of functional status in these patients. Such correlation, however, has been difficult to demonstrate. In one study, disease duration, neuropsychological performance (cognitive status), and severity of depression were the factors that correlated best with the rate of decline, 8 whereas improvement in chorea did not. 9 Potential explanations include the lack of sensitivity of the existing scales to accurately capture and assess the functional status of HD patients, the occurrence of medication side effects, and the progressive nature of the disease.
Clinical trials involving HD patients often present unique challenges. Enrollment may be difficult, because the disease is relatively rare, and compliance with the protocol has to be carefully monitored to prevent a high drop-out rate. Not surprisingly, only a limited number of randomized clinical trials have been conducted in HD ( Table 1 ). The small sample size (the majority of the studies involved fewer than 30 patients) and the use of different clinical scales (nonvalidated, especially in the older trials, those before 1990) often led to contradictory results, such as in the case of amantadine and its effect on chorea.
The following sections address the shortcomings and strengths of these trials, as well as the existing evidence provided by less rigorously conducted studies and case reports in HD.
Traditionally, neuroleptics and dopamine depleters have been the cornerstone of symptomatic therapy in HD. 4, 7 The atypical neuroleptics tend to be used more frequently in the treatment of HD. Their advantage over the typical neuroleptics is a diminished incidence of the adverse effects familiar in movement disorders (acute dystonia, akathisia, parkinsonism, tardive dyskinesia). The atypical neuroleptics are not necessarily more effective, however, and they may cause more weight gain and other metabolic side effects (e.g., dyslipidemia, increased insulin resistance), resulting in a similar treatment discontinuation rate 10 as with typical neuroleptics.
DOPAMINE DEPLETERS
The treatment of hyperkinetic movement disorders, including HD chorea, with dopamine depleters started with reserpine in the 1950s. This drug is not very effective, however, and is poorly tolerated, causing orthostatic hypotension, depression and other adverse effects. Another dopamine depleter, tetrabenazine (TBZ), has largely replaced reserpine. 11 The first case reports of HD patients improving after treatment with TBZ date to the 1960s. 12, 13 Since then, numerous case reports and clinical trials, most of them open-label, retrospective or using a small number of subjects, have provided evidence for the benefits of TBZ in the treatment of chorea associated with HD or other causes. [14] [15] [16] [17] [18] Tetrabenazine causes depletion of brain dopamine, norepinephrine, and serotonin by binding to the central, presynaptic, intravesicular portion of the vesicular monoamine transporter VMAT2. Striatal dopamine is the most sensitive to the effects of TBZ. 19 TBZ inhibits VMAT2 reversibly, accounting for its short duration of action, as opposed to reserpine, which inhibits irreversibly not only the central VMAT2, but also the peripheral VMAT1 (the latter being responsible for some of the peripheral side effects, including orthostatic hypotension and diarrhea). 11, 20 The most compelling evidence for the efficacy of TBZ in HD comes from a multicenter, randomized, doubleblind, placebo-controlled study of 84 HD patients (TET-RA-HD), conducted by the HSG. 21 The patients were randomized 2:1 to receive TBZ or placebo for 12 weeks. The drug was titrated up to the desired antichoreic effect or to the occurrence of side effects. The patients were assessed at 1, 3, 5, 7, 9, 12, and 13 weeks, using the UHDRS chorea score, the Clinical Global Impression Scale, and a newly developed Functional Impact Scale, which assesses bathing, dressing, feeding, toileting and social isolation. The occurrence of parkinsonism was assessed with the Unified Parkinson's Disease Rating Scale (UPDRS); other adverse effects were assessed by other scales, including the Barnes Akathisia Scale, Hamilton Depression Scale, Epworth Sleepiness Scale.
There was a mean 23.5% reduction in chorea severity from baseline to final evaluation, compared with placebo (placebo corrected, p Ͻ 0.0001), the primary outcome of the study. Furthermore, although 2 subjects receiving placebo (6.9%) had more than minimal global improvement, 23 TBZ participants (45.1%) were more than minimally improved (p ϭ 0.0004), which correlated with the improvement in chorea (p Ͻ 0.0001). There was no significant impact of TBZ on gait or parkinsonism UH-DRS scores, nor on the Functional Impact Scale score. Subjects in the TBZ group reported more sleepiness on the Epworth Sleepiness Scale, but no significant change was recorded in the Barnes Akathisia Scale, UHDRS Behavioral Assessment, or UPDRS swallowing and speech items. Chorea worsened at the end of the 1-week washout period (week 13), and there was no difference between the placebo and the TBZ groups, compared with the baseline.
Compliance with the protocol was remarkably high: 93% of patients completed the study. Reasons for discontinuation of TBZ were suicide (one case; likely situational rather than directly related to TBZ), intracerebral hemorrhage (after a fall), restlessness resulting in hospitalization, breast cancer (the breast lump, present before enrollment, and concealed from the study investigators, was diagnosed as breast cancer during the study), and akathisia. Dose-limiting symptoms included sedation (27%), akathisia (8%), parkinsonism (4%), and depression (4%), which resolved with a decrease in dosage. Subjects receiving less than 50 mg/day of TBZ had a more robust improvement in their chorea than those receiving more than 50 mg/day. Even though the latter group had a statistically significant improvement in chorea, the patients had a slight worsening on the UHDRS Functional checklist and the Functional Impact Scale. The data regarding the pharmacokinetics of TBZ are sparse. The half-life is relatively short, TBZ being metabolized by first-passage to an active compound, ␤-dihydrotetrabenazine (DTBZ), which has a higher bioavailability and longer half-life (10 h, compared with 6 h for TBZ) 11 , but it is not clear if DTBZ is responsible for the central action of TBZ.
The clinical pharmacodynamics of TBZ were studied in an open-label observational study. 22 Ten patients with HD were assessed with serial motor UHDRS and Beck Depression Inventory at baseline and after their morning dose of TBZ and after at least 12 h off from their last dose. Chorea was reduced on average by 42.4%, the effect lasting between 3.2 and 8.1 h (mean 5.4 Ϯ 1.3 h). Therefore, a minimum dosing of 3 times a day may be required to sustain an antichoreic effect without wearing off. The best-tolerated dose of TBZ, necessary to provide adequate control of symptoms, varies greatly between individuals, from as low as 12.5 mg/day to as high as 400 mg/day. Although no blood levels or other pharmacokinetic data were obtained during this study, the results support previous findings of a short half-life.
The short duration of action of TBZ was also supported by a double-blind study of 30 HD patients, randomly assigned to one of three groups. The first group of 12 patients stopped TBZ (which was replaced with a placebo) on day 1 (withdrawal group), the second group followed the same protocol on day 3 (partial withdrawal), and the third group continued the treatment with TBZ (nonwithdrawal group). 23 The withdrawal group experienced re-emergent chorea at day 3, with a difference in the UHDRS change of 5.33 units, compared with 2.94 units in the nonwithdrawal group (p ϭ 0.077). The trend toward worsening of chorea after drug withdrawal confirms the efficacy of tetrabenazine.
There is a paucity of data comparing TBZ with the typical neuroleptics in terms of efficacy and safety. In one study of 11 HD patients, TBZ was not superior to haloperidol in improving chorea. 24 Severe depression occurred in three patients in the TBZ group (one of them committing suicide), and tardive dyskinesia complicated the treatment of three patients in the haloperidol group.
To explore whether TBZ is contraindicated in depression (one of its known adverse effects), a retrospective study examined the effects of TBZ in 518 patients with various hyperkinetic movement disorders, of whom 52.5% had a history of depression prior to the treatment. 25 Of the patients without depression at the time of the treatment initiation, 11.4% were newly diagnosed with depression, and 18.4% of the patients with a previous diagnosis of depression at the time when the treatment with TBZ was started had a worsening of their depression. Overall, 15.1% of patients experienced depression for the first time or had an exacerbation of preexisting depression. Although depression is a known side effect of TBZ and potentially may be exacerbated by TBZ, a diagnosis of pre-existing depression does not constitute an absolute contraindication for initiating treatment if patients are otherwise good candidates, but close monitoring is clearly warranted.
Although dysphagia has been rarely reported as a adverse effect of TBZ, it is often difficult to differentiate this symptom from swallowing problems commonly associated with the underlying disease, as is the case with HD. 26 Rarely, neuroleptic malignant syndrome has been reported with TBZ, including in HD patients. 27, 28 There are no reports to date of documented tardive dyskinesia induced by TBZ, and this represents a major advantage of this medication over other neuroleptics.
It has been estimated that more than a million people have been treated with TBZ since its introduction in clinical practice more than 50 years ago. Despite a large body of literature documenting the tolerability and safety of this medication, as of 2007 TBZ had not yet been approved by the Food and Drug Administration (FDA) in the United States, although it is available in most European countries, Canada, Mexico and many other countries. Late in 2007, however, an advisory committee of the FDA unanimously recommended TBZ for approval; it is likely that, by the time this article has been published, TBZ will have received FDA approval for the treatment of chorea. This will be the first drug approved specifically for HD.
TYPICAL NEUROLEPTICS
Typical neuroleptics, including haloperidol, pimozide, fluphenazine, thioridazine, sulpiride, and tiapride, have been used for the treatment of psychotic symptoms as well as chorea in HD. 4, 7 These drugs have a high affinity for D2 dopamine receptors, however, and can potentially induce parkinsonism, akathisia, acute dystonias, and tardive dyskinesia, and so should only be used when absolutely necessary.
There are relatively few well-designed studies assessing the efficacy of the typical neuroleptic drugs in HD, and the outcomes are often contradictory. The earlier studies used nonvalidated rating scales, and the patients enrolled usually did not have a genetically confirmed diagnosis. Also, the majority of these studies had the disadvantage of small sample size. Haloperidol was found to have no effect on chorea in a double-blind, randomized, cross-over study of six patients with HD, worsening depression, 29 but improved chorea was reported in a single-blinded study of 13 HD patients. 30 Sulpiride improved the movement score, but not the functional status, in a randomized, double-blind crossover trial of 11 patients with HD. 31 Tiapride was superior to placebo in improving choreic movements and motor skills in a double-blind, placebo-controlled, crossover trial of 29 patients. 32 The treatment was generally well tolerated, although mild sedation and extrapyramidal signs occurred more frequently in the active treatment group. However, in another 2-week, double-blind, placebo-controlled cross-over study of 22 HD patients, tiapride failed to significantly reduce the involuntary movements. 33 Higher doses of the typical neuroleptics may not necessarily provide additional benefit in the treatment of chorea, compared with lower doses, but have a potential for a higher incidence of adverse effects, including impairment in the oculomotor, orolingual, motor control, and cognitive functional spheres.
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ATYPICAL NEUROLEPTICS
The atypical antipsychotic drugs have a greater affinity for 5-HT 2A serotonin receptors than for D2 dopamine receptors, and so carry a lower risk for extrapyramidal side effects than the typical neuroleptics. 35 Several atypical antipsychotic drugs have been used in the treatment of chorea and psychiatric symptoms in HD. One of these is clozapine, which has a relatively high affinity for the D4 receptors.
Several studies have assessed the effect of clozapine on chorea in HD. One of the best of these was a doubleblind, randomized trial of 33 HD patients (12 patients were using concomitant neuroleptic medications that were maintained at the same dosage throughout the study). 36 The patients were administered clozapine (maximum 150 mg/day) or placebo for 31 days, and were evaluated using the AIMS score and the UHDRS-chorea subscore. Only 26 patients (8 using concomitant neuroleptic medications) completed the study. Clozapine reduced chorea mildly in the neuroleptic naïve patients only (7.3 reduction on the AIMS, compared with 0 in placebo group), the effect being dose-related. However, voluntary motor performance did not improve and the neuroleptic-naïve patients reported aggravation of functional disability. The occurrence of adverse effects prevented the increase of the clozapine dose to 150 mg/day in most patients, which might have produced a more potent antichoreic effect. All patients claimed to have experienced adverse effects. The most common adverse effects were drowsiness (14 patients), dizziness (6 patients), walking difficulties (6 patients), fatigue (4 patients), hypersalivation (4 patients), increase in liver enzymes (7 patients), and generalized seizure (1 patient).
Another double-blind, placebo-controlled, cross-over study of clozapine involved 12 patients with hyperkinetic movement disorders, 3 of them with HD. Two of the three patients with HD reported improvement in chorea at higher dosages, one at 200 mg/day and one at 500 mg/day, with rebound of symptoms after discontinuation of the drug. 37 Both patients, however, experienced significant adverse effects (somnolence, hypotension) that compromised their daily functioning. The third HD patient experienced confusion, disorientation, slurred speech and orthostatic hypotension on 60 mg/day, side effects that subsided upon discontinuation of the drug. Even though this study showed an improvement in chorea on higher doses of clozapine, the very small sample size and the subjective chorea scale used for assessment make these results difficult to generalize.
In another open-label trial, five patients with HD who were administered clozapine 150 mg/day for 3 weeks and were assessed with the AIMS and the Marsden and Quinn chorea scale had mild-moderate improvement of the abnormal movements, in a dose-dependent fashion, and a worsening, back to baseline, once the drug was discontinued at the end of the 3-week study period. 38 Two case reports document the effectiveness of clozapine in treating psychotic symptoms in HD at doses of 175 mg/day and 200 mg/day, respectively. 39, 40 The role of clozapine in the treatment of HD is questionable, the frequent occurrence of adverse effects preventing the dose escalation for an adequate control of chorea. Also, the mandatory frequent white blood cell count monitoring may prove challenging in HD patients, who are notorious for their poor compliance.
The effect of olanzapine on the motor and psychiatric symptoms of HD was studied in three small, open-label studies. In one study, using between 5 mg and 20 mg per day, nine patients with genetically confirmed HD were evaluated with the UHDRS motor subscale at baseline (after a short, 10-to 18-hour washout in the four patients who had previously been treated with haloperidol) and again at 14 days. 41 The mean baseline UHDRS score of 54.6 Ϯ 24.3 (17-94) decreased after 14 days of treatment to 38.6 Ϯ 22.7 (15-78) (p ϭ 0.012). The improvement was significant in all items of the motor UHDRS (including chorea), but less for the rigidity, bradykinesia, and dystonia measures. Even though the treatment was well tolerated, the study was short, and follow-up was lost in at least half of the patients at 6 months. Also, the change in the functional UHDRS score was not reported.
The results were replicated in a longer open-label study of 11 patients with HD (8 of them genetically confirmed), treated with a mean of 11.4 Ϯ 8.5 mg/day of olanzapine. 42 The motor UHDRS score was reduced from 42.4 Ϯ 14.4 at baseline to 35.8 Ϯ 14.1 at 12 months (p ϭ 0.12), this change resulting from substantial improvement in chorea (almost complete, in one patient). Also, the mean behavioral UHDRS score dropped from 31.1 Ϯ 9.7 down to 18.1 Ϯ 9.9 at 6 and 12 months (p Ͻ 0.0001). All the patients treated experienced improvement. The treatment was well-tolerated, but 2 of the 11 patients interrupted the treatment due to adverse effects (maculopapular eruption, multiple somatic complaints, and lack of efficacy), and the motor UHDRS score worsened in 3 patients (related to changes in the gait and postural reflex items).
In another open-label, pilot study of 11 patients with genetically confirmed HD and treated with lower doses of olanzapine (5 mg/day), there was no significant improvement in chorea, but the behavioral UHDRS score showed a significant improvement, specifically in the depression, anxiety, irritability, and obsession items. 43 A series of case reports support the positive effect of olanzapine on the motor function and behavioral symptoms in HD patients, with improvement in function (resumption of independence in activities of daily living). [44] [45] [46] [47] [48] [49] [50] These data support the usefulness and tolerability of olanzapine in the treatment of motor and behavioral symptoms of HD, the effect being dose-dependent. Other atypical neuroleptics reported to improve motor and psychiatric symptoms in HD are risperidone, [51] [52] [53] [54] [55] [56] quetiapine, [57] [58] [59] and ziprasidone.
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ANTIGLUTAMATERGIC DRUGS
Several antiglutamatergic agents have been tried in HD, but only a few have been subjected to the rigor of controlled design. Amantadine (400 mg/day) was administered to 24 HD patients (confirmed genetically, or with family history) in a double-blind, placebo-controlled study, with cross-over at 2 weeks. 61 They were evaluated using the UHDRS, the Mini-Mental State Examination (MMSE), and a cognitive test battery. Blood levels of amantadine were measured 3 h after the drug intake at 2 and 4 weeks. Appendicular chorea improved most, by 36% in the 22 patients evaluated, and by 56% in the 10 patients with the highest plasma levels of amantadine (improvement correlated with the plasma levels). Parkinsonism did not worsen, and there was no effect on cognition. The treatment was well-tolerated, but the occurrence of hallucinations and confusion required a reduction in dosage in some patients.
These positive results were replicated by another randomized, placebo-controlled study of nine patients with genetically confirmed HD who were administered amantadine acutely, as a 2-hour intravenous infusion, in a cross-over fashion. 62 The patients were evaluated with the AIMS and the UHDRS motor subscale every 15 min after the infusion, by a blinded rater. There was a significant drop of approximately 50% in the AIMS score in the amantadine group, compared with approximately 10% in the placebo group, at 90 min after the start of the infusion (p Ͻ 0.05). The effect was maintained at 300 min. In the open-label, chronic phase of the same study, the patients continued oral amantadine treatment (300 mg/day) for 1 year. There was a moderate improvement in the choreic dyskinesias in all patients. The neuropsychiatric evaluations were not altered by the treatment with amantadine.
Contradictory results were obtained from another randomized, placebo-controlled, double-blind study of 24 genetically confirmed HD patients, treated with amantadine (300 mg/day) for 2 weeks. 63 They were evaluated by blinded raters for chorea at rest, using a chorea scale (0 ϭ absent, 4 ϭ marked/prolonged; maximum 24 points). Chorea of the face, neck, trunk, and limbs, analyzed separately, did not improve with amantadine treatment. Adverse effects included insomnia, agitation, anxiety, confusion, diarrhea, sleepiness, and itching. However, the smaller dose (300 mg/day) used, the slightly different chorea rating scale (face and mouth were not scored separately), and the short patient video recording time (30 s at rest and 30 s while performing mental calculations) may in part explain the differences from the original study (by Verhagen Metman et al. 61 ). These negative results were replicated by a smaller, double-blind, placebo-controlled, cross-over study of eight genetically confirmed HD patients. 64 Treatment with amantadine at 300 mg for 2 weeks did not improve the UHDRS chorea scores between the active group and the placebo group; however, the total UHDRS score improved, secondary to an improvement in the behavior subscores. The results did not reach statistical significance.
The conflicting outcomes of these various studies suggest that amantadine may not be a potent antichorea medication at a dose of less than 400 mg/day.
Remacemide, a nonselective NMDA receptor antagonist, showed a trend toward improvement in chorea at a dose of 200 mg/day, in a double-blind, randomized, placebo-controlled study of 31 patients with HD who were administered remacemide at dosages of 200 mg/day or 600 mg/day. 65 The HSG conducted a larger doubleblind, randomized, placebo-controlled trial to evaluate the impact of remacemide and coenzyme Q 10 on the functional decline of early HD. 66 In this study, 347 patients with HD were divided into four groups, to receive coenzyme Q 10 (600 mg/day), remacemide (600 mg/day), both, or placebo. All four groups were assessed with the UHDRS at regular intervals during the 30 months of the study. A total of 41 participants withdrew from the study, the most common cause being adverse effects such as psychiatric disturbance, gastrointestinal upset, and dizziness, with remacemide being less well-tolerated than coenzyme Q 10 . The remacemide-treated group had a trend toward reduced chorea, which was noted quite early in the course of treatment and was sustained, but without impact on functional decline.
Memantine, another glutamate receptor antagonist, was studied in a 2-year, multicenter, open-label trial involving 27 patients with HD. 67 Memantine was titrated up to a dose of 30 mg/day. Compared with baseline, at 24 months the Clinical Global Impression score deteriorated from 3.4 Ϯ 1.3 to 4.4 Ϯ 0.7 (p ϭ 0.01) and HD-ADL score deteriorated from 0.58 Ϯ 0.45 to 0.86 Ϯ 0.59 (p ϭ 0.04). The changes that occurred in ratings on the AIMS, UHDRS, and a video chorea scale (0 ϭ slight, 3 ϭ severe) did not reach statistical significance. The authors postulated a neuroprotective effect of memantine, considering that the major deterioration in the measured parameters (which was overall below the values reported in the literature for untreated HD patients) occurred in the first 12 months, with smaller variations during the second year. It is hard to support such an argument, however, considering that the study was not powered sufficiently for the variables measured and lacked a placebo group. Also, except for the video chorea scale, which was assessed independently by two blinded raters (with inter-rater variation at 1 year, probably due to the short video recording duration, only 30 s), all the other assessments were done in a nonblinded fashion by the treating physician.
Another drug in this class, riluzole, an inhibitor of glutamate release, has also been evaluated in patients with HD. In a large, randomized, double-blind placebocontrolled trial, conducted by the European Huntington's Disease Initiative Study Group, 537 genetically confirmed HD patients were randomized 2:1 to receive riluzole 100 mg/day or placebo, for 3 years, and were assessed periodically with the UHDRS. 68 No concomitant use of other antichoreic medications was allowed; the wash-out period was 1 month. A total of 379 patients completed the study; the main reasons for discontinuation were introduction of additional antichoreic treatment and consent withdrawal. Although well-tolerated, riluzole had no significant effect on chorea, behavioral, cognitive, independence, and functional scores, compared with the placebo group at 3 years or at any other time point during the study.
A higher dose of riluzole (200 mg/day) was used in an earlier double-blind, multicenter study trial, conducted by the HSG in the United States. 69 In this trial, 63 patients were randomized to receive riluzole 100 mg/day, 200 mg/day, or placebo for 8 weeks. The main outcome was the change in maximal chorea at 4 and 8 weeks, as measured with the UHDRS. The study was completed by 89% of subjects. The only serious adverse event was a psychiatric hospitalization of one subject who had received riluzole 200 mg/day.
There was a mild reduction in chorea in the 200 mg/ day group, compared with placebo (Ϫ2.2 Ϯ 3.3, compared with ϩ0.7 Ϯ 3.4) (p ϭ 0.01), without improvement in functional capacity or the other components of the UHDRS (cognitive, behavioral). The liver enzyme alanine transferase was elevated between 2 and 5 times the upper limit of normal in 7 patients. One patient (receiving 200 mg/day) became symptomatic with abdominal pain and an alanine transferase elevation of more than 5 times the upper limit of normal, which ultimately normalized after the discontinuation of the drug. After adjusting for the concomitant neuroleptic treatments, however, the study failed to demonstrate a significant effect of riluzole 200 mg/day on chorea compared with placebo. The modest benefit of riluzole on HD chorea was thought to be related to an interaction with neuroleptics.
Two other small, open-label studies 70, 71 showed mild improvement in HD chorea using 100 mg/day of riluzole for 6 and 12 weeks, respectively. The positive antichoreic effect was not maintained at 12 months in the second study, but the psychomotor speed and the behavioral dysfunction were reduced. The toxic ingestion of riluzole (2.8 g and 3 g) was associated with an amnestic episode in two case reports. 72, 73 This was irreversible in the second case, and the authors speculated that riluzole may have possibly caused permanent hippocampal damage. Thus, overall, these studies failed to show a maintained beneficial effect of riluzole in the treatment of HD.
Another putative glutamate release inhibitor, lamotrigine, was tested in a double-blind, placebo-controlled, randomized study of 64 patients with HD. 74 The patients were randomized to receive either lamotrigine (400 mg/day) or placebo for 30 months and were assessed with the TFC, the Quantified Neurologic Examination scale, and a battery of cognitive tests. Fifty-five patients completed the study. There was no significant difference in the scores between the active and the placebo groups, although there was a trend toward a decrease in chorea in the lamotrigine group. Summarizing the evidence provided by studies of glutamate antagonists in HD, none of the agents favorably altered in any meaningful way the symptoms or the function of patients with HD.
GABA AGONISTS
Pharmacological manipulation of the GABAergic system has generally not been found to be effective in improving chorea or other symptoms of HD. For example, valproic acid was found to be ineffective in treating chorea in HD. 75, 76 Cortical myoclonus, however, a rare but potentially disabling clinical feature of adult HD, was shown in several case reports to improve with valproic acid, 77 clonazepam, 78, 79 or a combination of the two drugs. 80 In an open-label, pilot study, eight patients with HD, with multifocal myoclonus as a predominant symptom, in addition to chorea and parkinsonian features, were administered valproic acid, and assessed with UHDRS. 81 In seven patients, the myoclonic hyperkinesia improved in a dose-dependent fashion, with a drop in UHDRS score from an initial 73.1 to 60.2 (p ϭ 0.042). Furthermore, mobility and manual dexterity improved, as assessed by handwriting tests and peg insertion tasks. In three patients, marked reduction in their antidopaminergic medications was possible. In five patients, a moodstabilizing effect of valproic acid could be observed. Therefore, in a subgroup of patients with HD who have myoclonus as a dominant feature, treatment with valproic acid may be warranted, with the potential additional mood stabilizing benefit. It should be noted that this antimyoclonic effect is not specific to HD.
Case reports describing a 39-year-old man and a 52-year-old woman with HD, with a disease duration of 8 and 13 years respectively, documented marked improvement in psychotic symptoms on a combination of olanzapine and valproic acid, the patients becoming more cooperative in performing activities of daily living and social activities. 48 The valproic acid as a mood stabilizer helped reduce the dose of the antipsychotic drug. Baclofen, another anti-GABA agent, was found to be ineffective (60 mg/day) in the symptomatic control of HD, in a placebo-controlled trial. 82 Levetiracetam, an antiepileptic agent shown to inhibit neural hypersynchronization, 83 improved the UHDRS chorea score from 12.6 Ϯ 3 at baseline to 6.7 Ϯ 4.3 after 48 days of treatment, at a mean dose (ϮSD) of 2583.3 Ϯ 1020.6 mg/day (maximum 3000 mg/day), in a prospective, open-label study of 12 patients with genetically confirmed HD. 84 The high drop-out rate (33%) was due mainly to somnolence. Three patients developed parkinsonism at doses of 500 mg/day and 3000 mg/day, which resolved within 7 days after the drug was discontinued. In another 6-month, open-label study of 15 patients with HD, levetiracetam (2000 mg/day) added to the therapy with olanzapine showed a trend toward improvement, although it did not reach statistical significance. 85 Treatment with levetiracetam has the potential of inducing reversible parkinsonism.
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DOPAMINERGIC TREATMENT
Bradykinesia and rigidity complicate late stages of HD, and are much more common in the juvenile-onset form (Westphal variant). These symptoms are often masked by the concomitant presence of hyperkinetic movements, such as chorea or dystonia. Parkinsonism is a source of disability in HD, impairing gait, mobility, and balance, as well as dexterity and speed of movement. There are few reports regarding specific treatments for bradykinesia and rigidity. Levodopa, 88, 89 pramipexole, 90 and cabergoline 91 have been reported to be effective in several case reports, but there are no trials assessing their efficacy in controlling parkinsonism in HD.
ACETYLCHOLINESTERASE INHIBITORS
Because cognitive decline is part of the natural progression of HD, antidementia drugs such as acetylcholinesterase inhibitors have been examined in this patient population. Donepezil was evaluated in a randomized, double-blind, placebo-controlled study of 30 nondemented patients with HD (genetically confirmed, or with family history). 92 The patients were administered donepezil at a starting dose of 5 mg/day for 6 weeks and 10 mg/day for another 6 weeks. In the 24 patients who completed the study, there was no significant improvement in chorea (UHDRS-Motor), cognition (Alzheimer's Disease Assessment Scale), or quality of life (Sickness Impact Profile) in the active group, compared with placebo. Adverse events were almost equally distributed in the two groups, except for the presence of suicidal ideation in the donepezil group (two patients reported suicidal ideation). However, considering that one of the exclusion criteria was the absence of dementia, an improvement in cognition was difficult to appreciate.
In an open-label study, eight patients with genetically confirmed HD and moderate to severe cognitive changes were administered donepezil 5 mg/day for 6 weeks and 10 mg/day for another 6 weeks. 93 Only half of the patients completed the trial (four had experienced side effects within 4 days after increasing the dosage, including worsening of chorea with increased falls, severe diarrhea, irritability, and anxiety). There was no statistically significant improvement in the subsets of the motor UH-DRS, including chorea (two patients developed worsening chorea, which ameliorated upon drug withdrawal). Two patients had slight improvement in memory and concentration on 5 mg/day; however, no statistically significant difference was noted between the neuropsychological tests at baseline and at 6 weeks. Not enough patients were available at 12 weeks to achieve sufficient statistical power to permit any analyses. Only one patient remained on donepezil after the completion of the study.
Rivastigmine was studied in a prospective, open-label, randomized, controlled study of 21 patients with genetically confirmed HD. 94 They were administered either rivastigmine at a dose of 1.5 mg twice-a-day for the first 2 months and increased to 3 mg twice-a-day for the next 6 months, or no treatment, at a 2:1 ratio. They were assessed at baseline and every 2 months, until the end of the study, using MMSE, the Marsden and Quinn chorea scale, the TFC score, and the AIMS. The clinical evaluations were done by blinded raters. Four patients dropped out, one because of adverse effects (nausea and diarrhea), and three were lost to follow up. The MMSE, however, showed a statistically significant improvement in patients randomized to the rivastigmine group, compared with the control group, by approximately 1 point (p Ͻ 0.05). The difference is only minimally meaningful in clinical practice, however, and does not justify recommending this treatment in patients with HD. The other assessments showed no change.
The same patients were evaluated at 2 years. A trend toward improvement was noted in the treated group as opposed to a trend toward worsening in the nontreated group in the TFC and MMSE scores. The worsening in the AIMS scores in the untreated group was significant, compared with scores in the active group, which showed a significant reduction of the involuntary movements at an earlier assessment at 12 months. The motor UHDRS chorea subscore was significantly improved in the rivastigmine group (10.72 Ϯ 3.79 to 6.63 Ϯ 3.83, p Ͻ 0.001), whereas it increased in the control group (10.8 Ϯ 1.16 to 15.33 Ϯ 1.16, p Ͻ 0.001). However, a potential imbalance in the concurrent neuroleptic regimen between the treated and the control group in respect to the number, type, and dosage of the neuroleptics used, may possibly have contaminated the more favorable motor outcome in the treated group.
Galantamine (24 mg/day) was reported to improve both the psychotic symptoms and chorea in a 35-year-old man with genetically diagnosed HD, given as a replacement therapy after a month of treatment with haloperidol decanoate for an acute psychotic episode. 95 Cognitive function remained unchanged. The treatment was well tolerated.
The treatment of HD with acetylcholinesterase inhibitors did not significantly alter motor symptoms or cognitive decline, and had little impact on daily functioning of the HD patients, and therefore these drugs have no specific indication in the treatment of this disease.
ANTIDEPRESSANTS
Depression is a frequent psychiatric comorbidity in patients with HD, one that may lead to suicide ideation, and its occurrence correlates with the rate of disease progression. Amitriptyline and imipramine, tricyclic antidepressants previously used in the treatment of depression in HD, are seldom prescribed today. There are a few reports on the effect of the selective serotonin reuptake inhibitors (SSRIs).
Paroxetine was reported to be effective in treating obsessive-compulsive symptoms at a dose of 40 mg/day in a 50-year-old patient with HD. 96 Fluoxetine was studied in a randomized, double-blind, placebo-controlled trial of 30 nondepressed HD patients (Hamilton Depression Inventory score Ͻ 16), at a dose of 20 mg/day, for general efficacy in HD. 97 At 4 months, seven patients did not finish the trial (one experienced agitation and insomnia, two developed severe depression requiring alternative therapy, and four were lost to follow up). No differences were found between fluoxetine and placebo in terms of TFC, neurological performance, or cognitive ratings. However, the study was limited in terms of duration and sample size, and had insufficient power to detect a statistically significant effect.
There are also several conflicting reports regarding the effects of fluoxetine on chorea. A report of two patients with genetically confirmed HD from the same extended pedigree were administered fluoxetine 20 mg/day for disabling obsessive-compulsive disorder. 98 Both patients had a sustained improvement in UHDRS chorea score (by 8 and 5 points), with prompt worsening on attempts to discontinue the drug. However, in the case of a 46-year-old man with genetically confirmed HD who was treated with fluoxetine 20 mg daily for new-onset disabling obsessive-compulsive disorder, chorea worsened within several days after initiating the treatment, although his decline was not quantified. 99 Fluoxetine was effective in treating depression in one patient, given in combination with L-deprenyl. 100 Sertraline may improve obsessive ideas, dysphoria, 101 irritability and aggressiveness 102 in patients with HD, but data are limited to case reports. Mirtazapine and electro-convulsive therapy were also found to be effective in treating symptoms of depression, based on case reports. 103, 104 There is still a paucity of information available regarding treatment of mood and anxiety disorders in HD patients, despite the high prevalence of depression in this population. Although anecdotal evidence supports the use of newer generation antidepressant drugs such as paroxetine, fluoxetine, sertraline, and mirtazapine, rigorous trials are urgently needed to objectively demonstrate their efficacy, considering that suicide remains an important complication of HD.
DEEP BRAIN STIMULATION
Deep brain stimulation (DBS) of the globus pallidus pars interna (GPi) has been an effective treatment of dyskinesias in Parkinson's disease and dystonia. Bilateral GPi DBS in HD was first used in the treatment of a 43-year-old patient, with genetically confirmed HD, who had rapidly progressive disabling chorea despite medical treatment (TBZ, haloperidol, amantadine) and had no psychiatric symptoms. 105 Chorea and dystonia improved considerably with low-frequency stimulation (40 Hz) , at an amplitude between 2.5 and 3.5 V. Higher frequency (130 Hz) stimulation resulted in additional improvement in chorea and dystonia, but was associated with worsening of bradykinesia.
Positive results of bilateral GPi DBS were reported in a second HD patient with debilitating choreoathetoid movements, refractory to medical management (TBZ, neuroleptics, minocycline), and without psychiatric comorbidities. 106 The best clinical effects were obtained with high-frequency stimulation (180 Hz), at an amplitude of 2.8 V. Stimulation at a lower frequency (40 Hz) resulted in worsening of the hyperkinetic movements. Body weight, mood, energy, and performance of activities of daily living were also positively affected. The effects were maintained at 1 year, but the patient eventually developed progressive hypokinetic symptoms.
Even though GPi DBS was shown to have a positive short-term effect on the hyperkinetic symptoms in HD, it is difficult to predict the long-term impact of this procedure and to determine the optimal stimulation parameters.
FETAL CELL TRANSPLANTATION
After the positive experience of human fetal mesencephalic tissue transplants in Parkinson's disease in open-label protocols, several studies assessed the safety and efficacy of striatum fetal cell transplants. Preliminary reports documented a slower rate of decline after fetal cell implantation in HD. [107] [108] [109] In one study, five patients with genetically confirmed HD, with minimal cognitive impairment, underwent unilateral (nondominant hemisphere) fetal cell graft implantation, mostly precommissurally in putamen and caudate. 110 Postsurgical complications included transient confusion, face and upper limb paresis, and slight postural instability. Postoperative magnetic resonance imaging did not detect any complications. All patients started immunosuppressive treatment with cyclosporine, azathioprine, or prednisolone, but most failed to take their medications regularly and reliably. No specific morbidity was associated with the procedure.
One year after the first procedure the patients were implanted with fetal cells in the dominant side. They were assessed with UHDRS, a motor deficit tool (40 continuous alternative movements of each hand between two targets 30 cm apart), neuropsychological test battery, psychiatric examinations, and magnetic resonance imaging. Their performance was compared with a cohort of 20 patients with HD who did not undergo fetal cell transplant. 111 At 1 year after the second surgery, fluorodeoxyglucose positron emission tomography (FDG-PET) showed an increase or stability in metabolism, suggesting metabolically active neural grafts in three of the five patients with transplants, compared with the annual 7% loss in striatal metabolic activity recorded in the control group. The same three patients maintained several neuropsychological results in the normal range, improved their activities of independent living, had a slower decline rate of the UHDRS (chorea and bradykinesia) scores, compared with the HD control cohort, but lost 1 point on the TFC scale. The other two transplant patients deteriorated at the same rate as the control patients.
The same patients (except for one, who died after 4 years) were followed at 6 years. 112 Chorea plateaued in two patients and worsened, after an initial 4-year improvement, in another patient. Dystonia steadily worsened. Cognitive performance remained stable on nontimed tests and worsened on the timed ones. The TFC decreased by 1 point at 6 years. FDG-PET revealed increased diffuse brain hypometabolism, with relative preservation of the benefit achieved in the parts of striatum.
In another open-label study, seven patients with genetically confirmed HD and without dementia underwent staged, bilateral, fetal striatal tissue transplantation, mostly in the postcommissural putamen, followed by treatment with cyclosporine for 6 months. 113 They were evaluated using UHDRS and a battery of neuropsychological tests, and underwent PET scanning. Three patients developed subdural hemorrhage, requiring evacuation. One patient experienced a transitory increase in blood urea nitrogen and creatinine that required a temporary reduction in the cyclosporine dose.
At 12 months, the UHDRS score decreased from 32.9 Ϯ 6.2 to 29.7 Ϯ 7.5. The mean annual rate of motor UHDRS score worsening was 5.7 Ϯ 5.3 units per year before transplantation and 1.8 Ϯ 8.9 units per year after transplantation (p ϭ 0.31). Mean TFC scores were 6.6 Ϯ 1.0 at baseline and 7.0 Ϯ 2.2 at 12 months (p ϭ 0.46). The mean annual rate of TFC score change was Ϫ1.1 Ϯ 1.7 units per year before transplantation, compared with ϩ0.25 Ϯ 1.3 units per year after transplantation (p ϭ 0.06).
One of the seven patients died from cardiovascular disease at 18 months after the transplant. The postmortem autopsy of the caudate-putamen demonstrated surviving transplanted cells, with typical morphology, without evidence of immune rejection, and without any evidence of aggregates of huntingtin. 114 Similar pathologic findings were reported after the autopsy of the caudate and putamen of two HD patients who died at 74 and 79 months after the fetal tissue transplantation, confirming the survival of the grafts in the human striatum for more than 6 years, without evidence of graft rejection and without accumulation of ubiquitin-staining inclusions. 115 However, the graft integration in the host striatum was poor, possibly explaining the modest clinical improvement in these patients. There are no autopsy reports available from patients receiving transplanted porcine fetal striatal cell transplants 116 that would allow pathology comparisons between allografts and xenografts. These initial human clinical study results must interpreted with caution. The studies used small numbers of patients, were unblinded, and lacked controls, and therefore were prone to placebo effects and biases. It is premature to set any clinical guidelines regarding the utility of fetal graft transplant in HD, and larger, blinded studies are needed, with longer follow-ups. The procedure seems safe, although risks exist, and these initial results are modest but promising-although much can be learned from the Parkinson's disease experience with doubleblind sham surgeries. The poor compliance of HD patients with the immunotherapy in one of the studies, 111 and the lack of pathological evidence of graft rejection by the host tissue on autopsy, make the utility of immunosuppressive therapy debatable.
SUMMARY
In conclusion, HD is a progressive heredodegenerative disease, with considerable disability caused by the multiplicity of hyperkinetic and hypokinetic movement disorders, behavioral and psychiatric symptoms, and cognitive decline, all of which compromise the patient's functional status and lead to dependence on others. The care of an HD patient requires a multidisciplinary approach, although the immediate family usually carries the brunt of the burden. Neuroprotective therapies in HD are still elusive, and to date there are no drugs to developed to slow down or to prevent the progression of the disease. 4, 7 Recent studies suggest that abnormal Ca 2ϩ signaling may be directly linked with the degeneration of medium spiny neurons in the caudate nucleus in HD; therefore, calcium channel blockers could have a therapeutic potential for treatment of HD. 117, 118 Gene therapies or the use of viral vectors to deliver genes for trophic factors such as brain-derived neurotrophic factor, ciliary neurotrophic factor, neurotrophin, or neurturin are now considered to be positioned for clinical trials. 119 In using symptomatic therapies, it is important to customize the therapy and tailor it to the needs of each patient, and to closely monitor for emergence of adverse effects. 
APPENDIX. UHDRS: Unified Huntington
